Surface water samples in Vietnam were collected from the Saigon River, rural and suburban canals, and urban runoff canals in Ho Chi Minh City, Vietnam, and were processed to enumerate Escherichia coli.
INTRODUCTION
For rural populations in developing countries, surface waters are consistently used as sources of drinking water in some communities and may be susceptible to fecal contamination resulting in negative consequences to public health (Ibekwe et al. ) . The use of fecal coliforms, and more specifically Escherichia coli, as an indicator of microbiological water quality dates from their first isolation from feces at the end of the 19th century (Rompre et al. ) . The detection of fecal coliforms has been successfully used to serve as an indicator for fecal contamination, and as an index for the potential levels of pathogens, in water environments and have also helped in establishing total maximum daily loads (Rompre et al. ; Simpson et al. ) .
E. coli is a Gram-negative, facultative anaerobic, lactose fermenting, non spore-forming bacterium. It is present in the gastrointestinal tract of humans and has good characteristics of a fecal indicator organism for surface waters (Scott et al. ) . While E. coli is a commensal organism in the gut, there are some strains that are pathogenic, and currently there are five pathogenic classes of E. coli recognized, which are enterotoxigenic E. coli, enteroinvasive E. coli, enteropathogenic E. coli, enteroaggregative E. coli, and routine methods have limitations. The extended incubation times, contamination of natural microbial flora, and lack of specificity are some issues.
The use of molecular analysis methods with shorter reporting times such as quantitative polymerase chain reaction (qPCR) has been shown to be a technology that can be employed in environmental studies for the specific detection of a number of different fecal indicator organisms and waterborne pathogens (Haugland et al. ) . A study by Rose et al. () explored the use of molecular detection techniques using PCR primers that were specific for the rrsB gene of E. coli when used under stringent conditions in soil. This protocol, however, only provided information as to the presence or absence of E. coli DNA in the extracts.
In addition, the potential existed for false negatives due to inhibition by contaminants co-extracted with the DNA (Rose et al. ) . Another study described the application of three Taqman assays and qPCR to detect the stx1, stx2, and rfbE gene targets in surface water. The results from this study indicate that approximately 50 cells of E. coli O157:H7 could be consistently recovered from a 40-litre surface water sample (Mull & Hill ) .
Real-time PCR has several advantages including enhanced speed and the absence of post-PCR processing steps. It has been demonstrated that qPCR assays can not only be specific, but also have amplification kinetics suitable for the specific quantification and detection of E. coli, irrespective of strain (Takahashi et al. ) . One particular target for PCR amplification is the uidA gene, which encodes for β-D glucuronidase, and is found in almost all strains including the pathogenic, E. coli O157:H7 (Takahashi et al. ) .
This study was intended to detect and quantify E. coli through real-time PCR in environmental surface waters of Vietnam, particularly within the Saigon River and neighboring canals impacted by suburban, agricultural, and urban runoff.
The Saigon River is the second most important source of water supply for Ho Chi Minh City (HCMC) and Binh Phuoc Province. Agriculture and husbandry are main activities in the middle of the Saigon River, while the downstream is mainly affected by urban sewage. Their discharges combined contribute significant amounts of bacteria into the Saigon River water. Two techniques for qPCR were utilized, one method using SYBR green, a fluorogenic minor groove DNA binding dye, and the second method a Taqman qPCR assay, involving a dual-labeled specific probe designed to bind to a target amplicon sequence. Additionally, this study intended to demonstrate the accuracy of this molecular technique being comparable to that of traditional plate count methods, and to assess the potential application of qPCR for monitoring water surface quality in Southeast Asian countries.
METHODS

Preparation of DNA standards and DNA extraction
An overnight culture of E. coli ATCC ® strain 15597 was grown in simple enrichment medium and 10-fold serial dilutions were prepared in sterile distilled, deionized (DI) water, in duplicate. Serial dilutions of the E. coli culture were also spread plated onto tryptic soy agar plates to enumerate the DNA standards as colony-forming units (CFU)/ 100 ml. Each dilution had 1 ml filtered through a sterile 0.45 μm membrane, filters were transferred to sterile 50 mm petri dishes, and the surface of each membrane filter was washed with 0.75 ml of DNA extraction buffer (250 mM NaCl, 100 mM Ethylenediaminetetraacetic acid (EDTA), pH8, 2% Sodium dodecyl sulfate (SDS)). After 5 minutes, the DNA extraction buffer was carefully aspirated and transferred into a sterile microcentrifuge tube.
DNA from the dilution standards was extracted following a protocol modified from Porteous et al. () . Briefly, the DNA extraction buffer was sonicated for 3 min, and 25 μl of 5M guanidine thiocyanate was added, followed by an incubation step at 68 W C for 1 h. Afterwards, samples were centrifuged at 10,000 × g for 10 min and supernatant transferred to fresh microfuge tubes. The supernatant was mixed with isopropanol and incubated at À20 W C for 24 h. After incubation, samples were centrifuged at 10,000 × g for 10 min, the pellet was washed with 70% ethanol, and centrifuged again.
Finally, the samples were re-suspended in 100 μl Tris-EDTA buffer. Extracted DNA from equivalent dilutions were pooled together and maintained at À20 W C.
Survival study
Initial microcosm studies were done to evaluate the appli- for survival studies with samplings conducted at day 1, 10, and 110.
For all water sample microcosms (both filtered surface water and DI water), at selected day intervals, 10 ml portions were removed and after membrane filtration, enumerated by colony counts after incubating membrane filters on modified mTEC agar plates (Difco BBL, NJ, USA). At the same day intervals for plate count enumeration, 10 ml portions were also filtered through sterile 0.45 μm membranes, transferred to sterile 50 mm petri dishes, and 0.75 ml of DNA extraction buffer (250 mM NaCl, 100 mM EDTA, pH8, 2% SDS) was added to each membrane filter. The filters were maintained at À20 W C for 5 days until further DNA extraction processing, employing a similar method as described previously. Maintaining the filters for DNA extraction at À20 W C for 5 days was done to somewhat mimic processing delays expected for remote water sampling in Vietnam, where samples would be held for extended periods until they could be shipped to Korea for extraction and qPCR analysis. Quantitative PCR using either SYBR green or Taqman real time assay was conducted on the DNA extraction samples using similar methods described later in the text. Counts from both spread plating and qPCR were calculated as log 10 CFU/100 ml.
Collection and processing of surface water samples
Surface water samples were collected at 44 locations, from the Saigon River (10 locations The qPCR conditions for these reactions were as follows:
an initial denaturation step at 95 W C for 15 min, followed 
RESULTS
Survival study results
Plate counts and qPCR results were compared to determine if stressed E. coli cells could be detected with the selected primers under controlled conditions. Initial results for the SYBR green studies looked very promising as average mean counts after 10 days were 5.67 log CFU/100 ml and 6.98 log CFU/100 ml in the DI water survival studies for plating and qPCR, respectively. Additionally, the standard curves for the DNA standards indicated a linear relationship (R 2 ¼ 0.9651). Mean counts for specific days from the filtered surface water survival study experiments are summarized in Figure 2 . For filtered surface water, the average mean counts after 10 days for SYBR green qPCR and plate counts were 6.31 log CFU/100 ml and 4.84 log CFU/ 100 ml, respectively, while mean counts determined by DNA in some cases up to 110 days, demonstrating the method could have some application in field studies. Additionally, as samples were kept at À20 W C for 5 days before processing, this further indicated the potential of using this method for DNA extraction and PCR analysis at different laboratory facilities from those utilized for sample collection.
Not all real-time PCR methods were robust enough to accurately quantify bacterial numbers. For samples analyzed during the dry season, mean values from the Taqman assay were significantly higher than those determined by using SYBR green qPCR. It is interesting to note that this trend was also observed in the preliminary survival studies using filtered surface water, as day 10 counts for Taqman qPCR were approximately 1 log higher than mean counts deter- the Programme had no involvement in the design, collection, analysis, or interpretation of the data.
